A new methodology for controlled particle inhalation by small rodents.
In order to investigate the deposition, retention, and clearance mechanisms implicated in particle inhalation under standardized conditions, we developed a continuous negative-pressure ventilation system, whereby the breathing pattern in small rodents could be controlled during exposure to aerosols. Using an on-line open-flow set-up, 19 anesthetized, intubated, and paralyzed Syrian golden hamsters, individually contained within a whole-body box, were artificially ventilated under the said continuous negative-pressure conditions, 1 of 5 different combinations of breathing frequency and tidal volume being established. The animals were then exposed to aerosols containing 6-micron diameter polystyrene spheres, and the deposition of particles in the conducting airways was monitored photometrically. During exposure, the level of respiration (mean lung inflation) was stabilized by means of a negative-pressure vent. Breathing frequency and tidal volume, as well as the compliance of the system, remained virtually unchanged during the course of a single experiment, and in each case, a reproducible deposition of particles was achieved. Our findings indicate that tidal volume, but not breathing frequency, has a marked influence on the particle deposition ratio. Breathing frequency exerts opposing and counterbalancing effects on this latter parameter by enhancing the impaction of particles on the one hand, and by decreasing sedimentation on the other.